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Abstract 
Purpose: Obesity is a common nutritional problem in both developed 
and developing countries. The aim of this study was to determine the 
prevalence of overweightness and obesity using both bioelectrical 
impedance analysis (BIA) and body mass index (BMI).   
Methods: In this cross-sectional study, 288 healthy college students 
were selected. Socio-economic status questionnaires were completed 
and subjects’ anthropometric features were measured by a trained 
nurse. BMI was calculated and body fat mass (BFM) and body fat 
percent (BF%) were obtained using BIA method by hand-to-hand 
Omron BF-500 set. 
Results: Mean age of the subjects was 21.1±1.7 years. Based on BMI, 
2.6% of males and 2.2% of females were obese while 15.7% and 9.6% 
were diagnosed to be overweight respectively. The correlation between 
BMI values and BFM were 0.883 and 0.908 in males and females 
respectively (P<0.001). Furthermore, BF% had a significant 
correlation with BMI in both males and females (P<0.001).  
Conclusions: Our survey demonstrated a lower prevalence of obesity 
and overweightness in college students compared with Iranian general 
population, especially in females. Additionally, BIA method was shown 
to be closely correlated with and as much valuable as BMI in regard to 
detection of obesity. 
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INTRODUCTION 
besity is a common nutritional problem in both 
developed and developing countries 
[1-3]. It affects 
approximately 300 million people and is accompanied 
by increased mortality and reduced life expectancy 
[4]. 
Its prevalence varies in different parts of the world. 
Factors such as education and socioeconomic status 
have important impact in both positive and negative 
ways. Urbanization, less physical activity, increased 
energy intake, and a modern life style are important 
risk factors for obesity. According to the increased 
prevalence of these risk factors, obesity is going to be a 
major problem in developing countries in the future 
[5]. 
     A significant increase in the prevalence of obesity 
has been observed in Middle East. The prevalence of 
O  
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overweightness and obesity [Body Mass Index 
(BMI)>25] among adults in Kuwait was estimated to 
be 80.4%. In the age group of 20-24 years nearly 
52.3% of males and 49.7% of females had more than 
25 kg/m2 BMI 
[6]. The prevalence of being overweight 
and obese was estimated to be approximately 40% in 
Iran 
[7,8].  
     BMI  classification  has  been  debated  in  Asian 
population. A World Health Organization (WHO) 
study concluded that Asians have a higher percentage 
of body fat in comparison with white people. Besides, 
Asian people with risk factors for type II diabetes and 
cardiovascular disease had lower than 25 kg/m2 BMI. 
Thus, current cut-off point of overweightness and 
obesity is not suitable in many Asian populations 
[9].  
     Body impedance analysis (BIA), a relatively simple, 
quick and noninvasive body composition method, is 
reliable and easy to perform and is widely used to 
evaluate body composition. Conductance of a small 
alternating current through the body is measured in this 
method 
[10]. As the conductance is mainly determined 
by the amount of water, which is only present in the 
fat-free mass, BIA allows calculation of the fat-free 
mass and BF% accordingly 
[10]. 
     Erceg DN et al showed that mean BF% calculated 
by BIA was not significantly different from dual 
energy x-ray absorptiometry (DXA) and hydrostatic 
weighing (HW)
[11]. A good agreement was also 
detected between BIA and DXA 
[12].  
          The purpose of this study was to determine the 
prevalence of overweightness and obesity using both 
BIA and BMI. Furthermore, it was performed to 
evaluate the correlation between the two methods in a 
group of students in Shiraz University of Medical 
Sciences, Shiraz, South of Iran. 
METHODS AND SUBJECTS 
Subjects: 
In this cross-sectional study, 288 healthy students (153 
males and 135 females) aged 18–27 years from Shiraz 
University of Medical Sciences were enrolled. They 
had no history of alcohol consumption or taking 
medications. The study protocol was approved by 
Ethics Committee of Shiraz University of Medical 
Sciences. 
Variables and measurements: 
Socio-economic status questionnaires were completed 
and subjects’ anthropometric features including weight, 
height, BMI, waist circumference (WC), hip 
circumference (HC) and skinfold thickness were 
measured by a trained nurse. WC was determined by 
measuring waist diameter at midpoint between iliac 
crest and lower border of the tenth rib. An average of 
three measurements was considered as WC. Three 
skinfold (triceps, subscapular and abdominal) were 
taken. Skinfolds were measured in triplicate using the 
Harpenden caliper and the average of the right and left 
was used. Body weights and heights were measured 
using Seca digital scale (Germany) and a non-
stretchable wall meter respectively. BMI was 
calculated as body weight in kilogram divided by 
square of height in meter.  
     Body Fat Mass (BFM) and body fat percent (BF%) 
were obtained using BIA method by hand-to-hand 
Omron BF-500 set, Japan. Subjects had to fast for at 
least 5 h, not engage into strenuous physical activity 
during the previous 12 hours and abstain from 
consuming caffeine beverages from 24 h before the 
study. 
Central obesity was defined as WHR>0.80 or WC>88 
for females and WHR>0.9 or WC>102 for males. The 
cutoff point of obesity according to American College 
of Sports Medicine is defined in young adults as body 
fat > 25% in males and >32% in females
[13]. 
Statistical Analysis: 
Statistical Analysis was performed using statistical 
analysis software SPSS version 11.5. The descriptive 
variables such as mean, median and standard 
deviations were used. Statistical relationship between 
BF%, BFM, BMI and anthropometric characteristics 
was tested by Pearson’s correlation coefficient. 
Independent sample T-test was performed to 
differentiate between anthropometric characteristics 
and sex. Chi square test was performed for analysis of 
statistical relationship between prevalence of obesity   
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Table1: Mean and SD of anthropometric characteristics based on sex 
Anthropometric characteristics 
Male  Female 
P value 
Mean (SD)  Mean (SD) 
Weight (kg)  67.2 (9.6)  55.9 (7.4)  <0.001 
Height (cm)  172.0 (5.4)  159.1 (5.4)  <0.001 
Body fat mass (kg)  10.9 (5.8)  17.2 (5.8)  <0.001 
Body fat percent  15.6 (6.2)  30.3 (6.5)  <0.001 
Body mass index (kg/m
2)  22.7 (2.8)  22.1 (3.0)  0.09 
waist circumference (cm)  79.2 (8.0)  70.8 (7.4)  <0.001 
Mid-upper arm circumference (cm)  26.2 (2.8)  24.8 (2.9)  <0.001 
Waist-to-hip ratio  0.85 (0.05)  0.77 (0.07)  <0.001 
Triceps (mm)  12.3 (4.2)  21.5 (4.5)  <0.001 
Subscapular (mm)  12.1 (4.4)  18.1 (5.4)  <0.001 
Abdominal (mm)  14.1 (5.8)  19.4 (4.3)  <0.001 
SD: Standard Deviation 
and sex. A P-value of less than 0.05 was considered 
statistically significant. 
RESULTS 
Mean age of the participants was 21.1±1.7 years 
(ranging from 18 to 27 years). Demographic 
characteristics revealed that 153 of the participant 
(53.1%) were male and 123 of them (42.7%) had 
physical activity. A total of 179 (62.2%), 36 (12.5%), 
61 (21.2%) and 12 (4.2%) were Fars, Turk, Lore and 
others respectively regarding ethnicity. A significant 
difference was observed between males and females 
regarding weight, height, biceps, body fat mass, body 
fat percent, triceps, subscapular and abdominal 
thickness and mid-upper arm circumference, whereas it 
was not significant considering BMI (Table 1). 
Prevalence of obesity and central obesity based on 
BMI was not significantly different in males and 
females. However, the difference in the prevalence of 
obesity based on body fat percent was statistically 
significant between males and females (Table 2). 
     Table  3  demonstrates  the  correlation  between 
various anthropometric characteristics. The correlation 
between BMI values and BFM were 0.883 and 0.908 in 
males and females respectively (P<0.001; Fig 1). 
Furthermore, BF% had a significant correlation with 
BMI in males and females (P<0.001; Fig. 2). 
DISCUSSION 
An alarming increase in prevalence and incidence of 
obesity has been demonstrated in the World Health 
Organization’s Global Disease Burden report, which 
estimates that being overweight is the 10
th leading 
burden of disease worldwide
  [16]. Obesity has been 
shown to be a major determinant of high blood 
pressure, elevated cholesterol, metabolic syndrome and 
clearly an important primordial risk factor for 
cardiovascular diseases
 [7,14].  
     Many simple anthropometric measurements such as 
BMI based on height and weight are implemented to 
assess the body composition. Considering the 
variations of body composition in different ethnicities, 
the appropriateness of current BMI cutoffs in Asian 
populations, despite their widely accepted applications, 
has been questioned 
[9,15,16]. A widely accepted method 
for estimation of body composition is BIA, which is  
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Table 2: Prevalence of obesity and central obesity based on sex 
  Male  Female  P value 
Number (%)  Number (%) 
Body Mass Index (kg/m
2) 
<18.5  6 (3.9)  5 (3.7) 
0.5 
18.5-24.9  119 (77.8)  114 (84.4) 
25-29.9  24 (15.7)  13 (9.6) 
>30  4 (2.6)  3 (2.2) 
Waist-to-hip ratio 
Normal   123 (82.0)  105 (78.4) 
0.4 
Central obesity   27 (18.0)  29 (21.6) 
Waist circumference 
Normal   148 (98.7)  128 (95.5) 
0.1 
Central obesity   2 (1.3)  6 (4.5) 
Body fat percent 
Normal   138 (91.4)  82 (61.7) 
<0.001 
Obese     13 (8.6)  51 (38.3) 
 
relatively simple, quick and noninvasive 
[11,17]. It can be 
applied to determine body composition in both healthy 
subjects
 [18-20] and patients being monitored
 [21-23]. 
     Our investigation revealed that 2.6% of males and 
2.2% of females were obese, while 15.7% and 9.6% 
were diagnosed to be overweight respectively. These 
findings are similar to the first National Non-
Communicable Disease Risk Factor Surveillance 
survey, in which the prevalence of BMI ≥ 25 kg/m2 
(obesity and overweightness) was estimated to be 
22.3% and 42.8% in age groups of 15-24 and 15-64 
respectively 
[24]. Another study conducted in northern 
Iran concluded that the prevalence of BMI ≥ 25 kg/m2 
in 20-29-year-old age group was 31.5% in males and 
36.9% in females
 [7]. The results of the third National 
Surveillance of Risk Factors of Non-communicable 
Diseases showed the prevalence of obesity and 
overweightness to be 36.2% and 58.6% in 25-34-year-
old and 25-64-year-old age groups respectively
  [25]. 
Prevalence of obesity (BMI>30) in recent decade was 
Table 3: The correlation between anthropometric characteristics based on sex 
Groups  BMI  BF%  BFM  Triceps  Subscapular  Abdominal 
Male  
BMI  1  0.81* 0.88* 0.64*  0.80*  0.72* 
BF%  0.81* 1  0.97*  0.65*  0.74*  0.75* 
BFM  0.88*  0.97* 1 0.68* 0.79* 0.78* 
Triceps  0.64* 0.65*  0.68*  1  0.74*  0.73* 
Subscapular  0.77*  0.74* 0.79* 0.74*  1  0.81* 
Abdominal  0.72*  0.75* 0.78* 0.73*  0.81*  1 
Female  
BMI  1  0.85*  0.91*  0.68*  0.65*  0.39* 
BF%  0.85*  1  0.96*  0.69*  0.64*  0.42* 
BFM  0.91*  0.96*  1  0.69*  0.63*  0.39* 
Triceps  0.68*  0.69*  0.69*  1  0.70*  0.55* 
Subscapular  0.65*  0.64*  0.63*  0.70*  1  0.62* 
Abdominal  0.39*  0.42*  0.39*  0.55*  0.62*  1 
BMI: body mass index; BF%: body fat percent; BFM: body fat mass  
* Correlation is significant at the 0.01 level.  
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Fig. 1: Correlation between body mass index (BMI) and body fat mass (BFM) in males (a) and females (b) 
estimated to be 13.7 and 27.3 for males and females 
with more than 18 years of age respectively
 [26]. Rapid 
nutritional transition and a changing lifestyle pattern 
are considered to be the leading causes of the current 
increase in the prevalence of obesity.  
    The prevalence of central obesity based on WC and 
WHR criteria has also been calculated in the present 
study. Although a higher prevalence of central obesity 
was observed in males, the difference was not 
statistically significant. In general, the prevalence of 
central obesity by WC criteria (1.3% for males and 
4.5% for females) was lower than WHR criteria 
(18.0% for males and 21.6% for females). The rate 
calculated by WC criteria, reported by Hajian-Tilaki     
et al was 5.0% and 24.7% in males and females of the 
20-29-year-old age group respectively
 [7]. According to 
 
Fig. 2: Correlation between body mass index (BMI) and body fat percent (%BF) in males (a) and females (b)  
  Vol 2, No 2, Jun 2011 
Bioelectrical Impedance Analysis for Detection of Obesity 
73 
 
the first nationwide survey of prevalence of obesity in 
adult Iranians, 3.2% of men and 18.1% of women were 
obese in the 20-29-year-old age group
 [24].  
     In general, our observation has established that there 
is a significant correlation between BFM and BMI and 
to a lower degree between BF% and BMI. 
Furthermore, this correlation was greater in women 
(r=0.86) compared with men (r=0.81), although it did 
not reach a statistical significance. (Table 3, Fig. 1 and 
2). The correlation of BFM and BF% with thickness of 
triceps, subscapular and abdominal skinfolds and BMI 
was significant (P<0.001). Amani reported a similar 
correlation between BF% and BFM obtained from BIA 
method and BMI (r=0.86 and 0.77 respectively)
 [27]. In 
another investigation by Pecoraro et al. a significant 
correlation was detected between BFM measured by 
BIA and BMI (r=0.92)
  [28]. Additionally, Gallagher et 
al. showed a similar correlation between BF% obtained 
from DXA and BMI
 [29]. 
     A limitation of the present study was the fact that it 
was conducted only in a university students’ 
population. Obviously, these indices should be 
evaluated in other populations as well.  
 
 
 
 
 
 
CONCLUSION 
Our survey demonstrated a lower prevalence of obesity 
and overweightness in university students compared 
with national reports of Iranian general population, 
especially females. This could have resulted from a 
better nutrition, diet and more exercise. Moreover, BIA 
was shown to be closely correlated with and as much 
valuable as BMI in detection of obesity. According to 
our results, BIA can be used easily and it is reliable to 
detect obesity in Iranian population. 
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